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Reference:  WAC/138/OIO 


1.  SUMMARY 

A  type  of  RDX  which  will  give  RDX/TNT  of  improved  pick-up  sensitiveness 
has  been  developed. 

The  process  consists  of  recrystallization  of  RDX  from  aqueous  acetone 
under  carefully  controlled  conditions  in  the  presence  of  a  small  proportion  of 
HMX.  Factory-scale  operation  has  been  achieved  satisfactorily  at  R.O.F. 
Bridgwater. 


2.  INTRODUCTION  AND  OBJECTS 

Early  in  1956  experiments  were  started  to  meet  a  requirement  for  a  type 
of  crystallized  RDX  which  when  used  in  the  manufacture  of  Composition  B 
(RDX/TNT/Wax  40/60/l)  would  give  a  product  with  a  satisfactory  pick-up  sensi¬ 
tiveness  as  measured  by  a  specified  gap  test.  Various  gap  tests  are  in  use, 
but  all  have  in  common  the  following  features: 

(i)  A  shock  wave  is  produced  by  means  of  a  primary  charge  initiated 
by  a  detonator. 

(ii)  The  shock  wave  is  attenuated  by  passage  through  material  (usually 
laminated)  whose  thickness  is  capable  of  variation  in  a  controlled 
manner  (metal  shims,  cards,  etc.). 

(iii)  The  attenuated  wave  impinges  on  a  shaped  piece  of  the  explosive  to 
be  tested. 

(iv)  A  means  is  provided  to  determine  whether  the  material  under  test 
has  reached  a  satisfactory  detonation.  This  can  take  the  form 
of  a  steel  witness  block. 

When  the  present  work  started,  certain  materials  could  be  rejected  on  the 
results  of  the  gap  test  alone,  notably  RDX/TNT  made  from  Woolwich  type  RDX 
recrystallized  from  either  acetone  or  cyclohexanone  under  normal  factory 
conditions.  Also,  boiled,  factory-produced  RDX  gave  a  satisfactory  RDX/TNT, 
but  was  unacceptable  on  grounds  of  acidity.  Dry  RDX  eilone  is  sufficiently 
sensitive  in  the  gap  test,  but  is  of  coiarse  unusable  because  of  its  impact 
sensitiveness,  and  because  its  properties  do  not  permit  direct  making  up  into 
munitions.  It  may  be  noted  that  the  desired  shock-sensitiveness  has  little 
or  no  connection  with  impact  sensitivity  as  shown  by  testing  v/ith  the  Rotter 
machine;  for  insteince,  the  addition  of  carborundum  in  small  amounts  made  RDX 
rather  less  responsive  to  the  gap  test. 


3.  METHODS  EMPLOYED 

3.1  Exploratory  Investigations 

The  material  v/hich  was  known  to  be  satisfactory  in  all  performance  tests 
(but  needing  replenishment)  was  Composition  B3  made  from  RDX(B)  of  certain 
batches.  This  was  of  United  States  origin;  enquiries  and  investigations 
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showed  it  to  have  been  produced  by  recrystallization  of  normal  RDX(3)  and 
therefore  to  contaiin  some  five  per  cent  of  HMX.  The  RDX(B)  had  been  dissolved 
in  acetone  in  the  proportion  of  105  lb  RDX(B) ,  wet  with  perhaps  50  lb  of  water, 
in  750  lb  of  80  -  85  per  cent  acetone,  and  recrystallized,  probably  after 
filtration. 

Experiments  were  carried  out  to  determine  whether  the  property  of  pick-up 
sensitiveness  resided  in  either  of  the  major  constituents  of  Composition  B. 

To  do  this,  the  TNT  was  removed  by  solution  in  chloroform;  the  solvent  was  then 
evaporated.  Mixtures  of  the  resulting  RDX  with  Grade  I  TNT  proved  to  be 
sensitive.  The  TNT  from  the  Composition  B,  on  the  other  hand,  has  no 
sensitizing  properties  when  mixed  with  Grade  I  RDX.  The  property  desired,  it 
was  concluded,  resided  in  the  RDX  component .of  the  American  composition. 

Simple  admixture  of  HMX,  even  of  the  sensitive  gamma  and  alpha  polymorphs,  was 
not  effective. 

Microscopic  examination  of  RDX(B)  recovered  from  this  Composition  B  by 
dissolving  the  TNT  in  chloroform  showed  two  features  of  interest;  the  material 
gave  evidence  of  being  of  two  generations,  an  outer  clesir  shell  round  an  inner 
cloudy  region;  and  the  cloudiness  in  the  inner  region  showed  brown  by  trans¬ 
mitted  white  light,  owing  to  the  presence  of  leirge  numbers  of  cavities  -  the 
brown  is  a  dispersion  effect  from  cavities  of  the  order  of  a  few  microns  in 
size.  It  has  been  held  by  some  workers  that  there  is  a  one  to  one  corres¬ 
pondence  between  the  occurrence  of  this  size  of  cavity  and  the  capacity  to 
confer  pick-up  sensitiveness  on  RDX/TNT;  the  present  authors  feel  that  the 
condition,  though  sufficient,  is  not  a  necessairy  one.  It  can  certainly  be 
said  that  the  brown  appearance  is  not  essential  for  pick-up  sensitiveness  to  be 
found. 


3.2  Methods  of  Test 


A  second  feature  of  the  problem  of  pick-up  sensitiveness  emerged  when  the 
methods  of  preparation  and  testing  of  RDX/TI'IT  samples  were  modified.  The 
primary  standard  test  involves  the  use  of  some  poimds  of  material,  and  in 
earlier  work  an  attempt  was  made  to  avoid  the  necessity  of  preparing  such  large 
batches.  A  secondary  test  (termed  Scale  V)  was  evolved,  which  could  be  carried 
out  on  two  or  three  hundred  grams  of  material  but,  as  will  be  seen  iSter,  this 
was  not  found  to  correlate  precisely  with  the  primary  test,  inasmuch  as  samples 
for  the  latter  were  always  pressiore  cast.  V/hen  material  which  had  proved 
satisfactory  on  the  secondary  test  failed  on  the  primairy,  it  was  found  that 
after  pressure  casting  the  material  failed  the  secondary  test  ailso.  From  this 
point  it  became  clear  that  the  use  of  a  reduced  scale  test  would  have  to  be 
abandoned,  and  that  laboratory  production  would  have  to  be  planned  to  give 
three-pound  batches  of  RDX;  this  necessity  was  recognised  at  the  end  of  1957 > 
and  the  test  conditions  designated  as  Scale  VI  were  then  adopted.  Many  of  the 
previous  experiments  had  dealt  with  the  effect  of  additives,  and  somewhat 
encouraging  results  had  been  obtained;  the  material  showing  most  promise  had 
been  obtained  by  precipitating  RDX  in  the  presence  of  cetyltrimethylammoniiom 
bromide,  a  cationic  surface  active  agent;  when  the  beneficial  effects  so 
obtained  v/ere  found  to  disappear  on  pressure  casting,  this  line  of  approach  was 
discontinued. 

It  had  also  been  hoped  that  visual  examination  under  the  microscope  would 
show  some  correlation  between  degree  of  cavitation  in  the  crysteils  and  sensi¬ 
tiveness  to  initiation  by  shock.  This  hope  rested  in  part  on  the  results  of 
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our  own  experience,  in  part  on  the  microscopic  appearance  of  the  United  States 
material  known  to  be  satisfactory,  and  in  part  on  cases,  mostly  in  liquids, 
where  sensitization  is  known  to  be  produced  by  the  presence  of  bubbles.  The 
spurious  gap  sensitiveness  which  vanishes  in  pressvire  casting  might  conceivably 
be  due  to  air  bubbles  trapped  at  the  interface  between  RDX  and  molten  TNT, 

These,  imlike  the  internal  cavities,  would  not  survive  the  more  severe  casting 
process.  An  analogous  relationship  from  genereil  experience  would  be  the 
phenomenon  of  "dead  pressing"  in  which  powders  too  heavily  compressed  may 
become  less  sensitive.  It  is  known,  moreover,  that  large  single  crystals  of 
TNT  or  RDX  may  be  totally  shattered  by  a  detonator  without  themselves  detonating; 
and  trouble  has  been  encoimtered  in  the  reduced  performance  of  Isirge  bomb  aind 
shell  charges  if  they  are  allowed  to  solidify  so  slowly  as  to  give  large  crystals 
of  TOT. 


3 . 3  Guiding  Principles 

In  the  absence  of  any  firm  scientific  theory  of  the  sensitiveness  property 
concerned,  early  experiments  were  conducted  largely  in  the  light  of  two 
principles.  One  was  to  attempt  the  introduction  of  cavities  into  RDX  by 
analogy  with  the  use  of  "blowing  agents"  in  rubber  chemistry,  by  adding  to  the 
RDX  solution  compounds  somewhat  unstable  chemically.  The  other  was  to  use 
surface  active  agents,  on  the  hypothesis  that  if  increased  svLcface  waus  required, 
surfactants  should  facilitate  this.  Later  observation  has  shown  that  a 
potential  "blowing  agent",  DRX  (that  is  1 ,3-dinitraza-5-nitrosazacyclohexane) 
decomposed  too  late,  namely  during  the  casting  of  the  RDX/TOT.  This  compound 
is  the  only  one  known  by  the  authors  to  form  solid  solutions  with  RDX,  and  it 
was  at  first  hoped  that  the  consequent  distortion  of  the  RDX  crystal  lattice 
would  prove  sufficient  to  cause  sensitization.  Since  RDVTNT  prepared  from  RDX 
containing  a  small  amount  of  DRX  gave  a  gap  test  not  appreciably  higher  than 
normal,  both  the  theories  of  "blowing  agent"  and  of  "distorted  crystal  lattice" 
are  left  imsupported,  at  any  rate  in  their  simplest  forms. 

The  considerations  so  far  outlined  led  to  an  attempt  to  elucidate  the  fate 
of  materials  co-precipitated  with  RDX.  It  is  known  from  the  separate 
crystallization  of  HMX  and  RDX  in  the  Bachman  process  for  RDX  manufacture  that 
these  two  compoimds  do  not  form  mixed  crystals.  A  series  of  experiments  in 
which  highly  coloured  compounds  were  co-precipitated  with  RDX  showed  that,  in 
all  the  cases  tried,  surface  adsorption,  mechanicsQ.  enclosure  in  cavities  in 
the  crystal,  or  both  simultaneously  could  occtar,  but  in  no  case  were  solid 
solutions  formed. 

The  examination  of  cavities  in  RDX  is  capable  of  giving  much  information. 

If  the  material  has  crystallized  from  a  monophase  system  (e.g.  aqueous  acetone, 
nitric  acid,  etc.),  each  cavity  contains  a  liquid  phase  and  a  vapour.  If 
however  the  RDX  has  been  produced  by  the  steam  distillation  of  cyclohexanone 
solution,  two  liquid  phases  occiur  as  well  as  a  vapour  phase.  The  denser 
liquid,  water  satiurated  with  cyclohexcinone ,  usually  is  seen  as  a  nearly  spherical 
globule  which  sinks  to  the  bottom  of  the  less  dense  cyclohexanone  saturated  with 
water.  In  the  case  of  very  small  elongated  cavities,  lying  horizontally,  the 
bubbles  exhibit  a  lively  Brownian  movement.  An  \anexpected  feature  is  the 
absence  of  evaporation  from  these  cavities,  even  if  acetone  filled,  during 
prolonged  drying  of  the  product  in  vacuo  at  temperatiires  well  above  the  boiling 
point  of  their  contents. 
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4.  EXPERIMENTAL 


The  conditions  and  findings  described  so  far  represent  the  backgroimd 
against  which  the  main  series  of  experiments  were  planned. 

4.1  Small-scale  Experiments 

Miscellaneous  small-scale  experiments  of  a  sorting  nature  were  carried  out 
in  1957 1  submitting  the  products  to  the  secondairy  test  procedure.  The  apparatus 
was  developed  to  produce  materiail  in  ROO-g,  batches,  and  a  series  of  these  gave 
good  results.  They  were  blended  to  give  the  10  lb  required  to  perform  a 
primary  test;  this  showed  the  material  as  unsatisfactory. 

4.2  Three-pound-scale  Experiments 

From  this  point  it  was  decided  that  both  preparation  and  testing  would  have 
to  approximate  more  closely  to  the  larger  scale.  Subsequent  experiments  were 
therefore  designed  to  give  batches  of  three  pounds  of  material,  and  testing  was 
brought  more  closely  into  line  with  the  primary  test.  Much  of  the  later  small- 
scale  v;ork  had  used  cyclohexanone  solution  as  it  had  been  felt  that,  since  this 
solvent  was  currently  in  use  at  Bridgwater  for  Grade  I  RDX,  uniformity  would  be 
an  advantage. 

Numerous  recrystallization  runs  with  this  solvent  were  made,  systematically 
varying  the  conditions  likely  to  govern  nucleation  and  growth,  but  none  of  the 
resulting  products  was  sufficiently  sensitive  and  only  a  few  were  even  promising  ■ 
see  Table  2  Expts  Ml  -  10  (p.  8  ).  Similar  series  of  recrystallizations  from 
acetone  solution  were  therefore  carried  out,  but  again,  as  can  be  seen  from 
Table  2  (p.  8  ) ,  the  results  were  disappointing. 

4.3  Three-poxmd  Scale  -  RDX/HMX 

On  reviewing  the  available  information,  late  in  1958,  it  became  appeirent 
that  in  no  instance  had  satisfactory  gap-sensitiveness  been  observed  when  the 
RDX  sample  under  test  was,  in  the  strict  chemical  sense,  a  pure  one.  On  the 
other  hand,  the  nature  of  the  contaminaints  present  had  varied  rather  widely. 
Acidic  impurities  in  crude  and  partly  boiled  RDX  from  the  normeil  British 
nitrolysis  process,  HMX  and  other  by-products  in  crude  and  partly  recrystallized 
RDX  from  the  Bachman  process,  a  cellulose  acetate-nitrate  additive  on  one 
occasion,  and  a  surface  active  agent  in  other  early  experiments,  are  the  meuLn 
examples  of  contaminants  known  to  be  present  when  a  'sensitive'  product  had 
been  made. 

In  the  light  of  this  empirical  generalisation,  a  decision  was  taken  to  make 
no  further  attempt  to  achieve  an  acceptable  result  with  piire  RDX.  Likewise,  it 
was  decided  to  use  no  other  contaminant  than  HMX,  since  there  was  clear  evidence 
that  its  presence  had  sufficed  in  many  instances  of  success,  though  not 
invariably  so.  The  problem  thus  resolved  itself  into  a  search  for  conditions 
favourable  to  "successful”  contamination  by  HMX. 

The  following  table,  giving  the  gap-test  results  for  freshly-made  RDX(B) 
tested  in  the  crude  state  and  after  various  treatments,  shows  quite  clearly  the 
essential  correctness  of  this  view. 
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TABLE  1 


Description  of  Sample  Tested 

Gap-test,  Scale  VI 

A,  =  Crude  RDX(B) 

94 

B,  =  A  after  boiling 

119 

C,  =  B  after  partial-solution  recrystallization 

99 

D,  =  Boiled  RDX(B) 

108 

E,  =  D  after  partial-solution  recrystallization 

87 

F,  =  D  after  full-solution  recrystallization 

66 

Systematic  recrystallization  experiments  were  therefore  made,  using  acetone 
as  solvent,  with  a  five  per  cent  addition  of  HMX  to  the  RDX  and  varying  only 
the  operating  conditions.  Results  are  shown  in  Table  4  (p,  10  ) ,  indicating  a 
quite  encoxaraging  improvement  in  the  general  prospects  of  the  work. 

To  give  uniform  conditions  throughout  each  preparation,  a  semi-continuous 
process  was  developed  whereby  a  suitable  concentrated  solution  of  RDX  dissolved 
in  acetone,  with  any  additives  desired,  was  run  continuously  into  a  stirred 
vessel  containing  a  "heel"  of  aqueous  acetone.  The  rates  of  addition  of 
solution,  and  heat  input  through  the  jacket,  were  controlled  to  give  a  fixed 
temperature  in  the  vessel;  this  temperature  was  the  boiling  point  of  the 
aqueous  acetone  in  the  vessel,  whose  concentration  was  thus  fixed,  and  corres¬ 
pondingly  all  the  precipitation  of  RDX,  once  satitration  had  occtjrred,  wsis 
performed  under  steady  conditions.  It  was  concluded  that  to  obtain  good 
results  the  stirring  should  be  rapid;  this  had  the  effect  of  eliminating  a 
further  variable:  the  fixing  of  the  temperature  then  defined  the  conditions. 

The  conditions  so  determined  were  treated  as  normal,  and  a  niimber  of  series 
of  experiments  carried  out  to  establish  that  none  of  the  conditions  is  in  itself 
unduly  critical.  As  already  indicated,  stirring  above  the  minimal  has  little 
effect  on  the  product;  HMX  concentration  must  be  above  the  amount  required  to 
saturate  the  working  fluid  (acetone/water). 

A  large  nimber  of  three-pound  batches  have  been  prepared  in  the  laboratory, 
and  the  gap-sensitiveness  tests  were  consistently  more  than  thirty  per  cent 
above  requirement.  This  result  has  been  confirmed  on  the  primary  test. 

4.4  Factory  Production 

R.O.F.  Bridgwater  made  available  facilities  for  the  pilot  plant  preparation 
of  gap-sensitive  RDX  by  the  method  described.  The  first  few  runs  gave  material 
of  lower  sensitiveness,  but  the  stirring  was  subsequently  speeded  up,  and 
figures  twenty-five  per  cent  above  requirement  were  achieved  on  the  gap  test  of 
this  material,  described  as  batches  RHA  8  to  RHA  11.  Subsequent  development 
produced  ten  batches  of  seventy  pounds  each,  with  the  desired  sensitiveness. 
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4.5  Standard  Procedure  for  Production  of  RDX/HMX  to  Rive  Pick-up 

Sensitive  RDX/tNT 

The  process  consists  essentially  of: 

(a)  Solution  of  EDX  +  HMX  in  acetone  (95/5/700/100  RDX/HMX/acetone/water) 

(b)  Recovery  of  RDX/HMJC  by  rxmning  the  solution  into  boiling  aqueous  acetone 

(52  per  cent  wt/wt)  with  vigorous  stirring.  The  conditions  in  the 
boiling  vessel  are  maintained  constant  by  distillation  of  acetone  using 
jacket  steam,  until  all  the  solution  has  rim  in;  the  residual  acetone 
is  then  recovered. 

(c)  The  RDX/HMX  is  syphoned  from  the  boiler,  filtered,  and  dried. 

Apparatus 

20-litre  flanged  flask  (Q  &  Q) , 

5-necked  top  (a)  stirrer  (3x1  inch  paddle,  1200  -  l400  rev/min) , 

(b)  thermometer, 

(c)  feed, 

(d)  vapour  take-off, 

(e)  spare,  not  used. 

The  flask  is  steeun-jacketted. 


Solution 


1600  g.  RDX,  usually  10  per  cent  moisture, 
80  g.  HMX  (beta), 

16  litres  acetone. 


Procedure 

The  stirring  is  started  in  a  heel  of  3000  ml.  32  per  cent  acetone, 
(boiling  point  67.5°C).  This  quantity,  chosen  to  give  reasonable  mobility  to 
the  final  slurry,  is  increased  in  proportion  to  the  batch  size.  With  the 
heating  suitably  set,  e.g.  steam  at  about  15  cm.  water  gauge,  the  solution  is 
fed  into  the  flask  at  such  a  rate  as  to  maintain  the  temperatiare  in  the  liquor 
at  67.5  C.  This  is  found  to  give  a  product  with  satisfactory  grist  for 
pourability  of  the  final  RDX/THT. 

The  range  of  desirable  temperatures  is  somewhat  skew  (66°  -  70 °C);  the 
addition  takes  about  60  minutes.  After  this  the  temperature  is  allov/ed  to 
rise  to  75  C.  Finally  the  RDX/HMX  mixture  is  syphoned  out,  filtered,  washed, 
and  dried. 

4.6  Test  Method 


The  dried  RDX  was  passed  on  to  be  made  into  60/40  RDX/TIIT,  pressure  cast, 
and  submitted  to  the  gap  test  as  described  in  E.R.D.E.  Report  No.  22/R/57. 

During  the  course  of  the  investigation,  two  scales  were  used  to  describe  gap- 
test  results  -  scale  V  and  scale  VI.  On  scale  V  an  acceptable  RDX/TiW  had  a 
gap  test  of  40  thousandths  of  an  inch  or  more;  on  scale  VI  of  95  thousandths  or 
more . 


/5. 
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5.  RESULTS 

The  experimental  records  are  summarised  in  the  appended  Tables  2  to  4 
which  indicate  the  chronological  order  in  which  the  work  was  carried  out. 
The  results  used  in  the  tables  in  Section  6  are  abstracted  from  these. 


/TABLE  2 
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TABLE  2 

Gap  Test  of  RBX  Samples.  Converted  to  RBX/TNT  and  Pressure 


Experiment 

No. 

Method 

of  Preparation 

Gap  Te 
0.001 

Scale  V 

M  1  -  3 

Blend.  Steam  distillation  of  RBX/cyclohexanone  at,98.5°C 

47 

31 

M  4  -  5 

Blend.  As  M  1  -  3 

56 

30 

M  6  -  10 

Blend.  As  M  1  -  3  at  99.5°C 

55 

40 

M  15 

Acetone/RDX,  Sparged  at 

65  -  66°C 

16 

M  17 

ditto 

70°C 

26 

M  18 

It 

69  -  70°C 

14 

M  19 

tf 

80°C 

22 

M  20 

tt 

67.5°C 

29 

M  21 

If 

64.5°C 

22 

M  22 

M 

65.5°c 

22 

M  23 

It 

66.5°C 

23 

M  24 

M 

67.5°C 

30 

M  25 

If 

68.5°C 

30 

M  26 

If 

69.5°C 

21 

M  27 

If 

70.5°C 

24 

M  28 

If 

71.5°C 

18 

M  29 

If 

12,  fc 

28 

M  30 

If 

73.5°C 

29 

M  31 

If 

74.5°c 

28 

M  33 

fl 

75.5°C 

20 

EBN  13 

Acetone/RDX.  Plash  evaporated  in  vacuo 

23 

BN  4 

Percolated  with  aqueous  acetone  at  70°C 

14 

BN  5 

ditto 

81  °C 

16 

BN  6X 

If 

8l°C 

16 

BN  6Y 

II 

22 

BN  6Z 

If 

18 

BN  7  -  8 

Percolated  with  60^  aqueous  acetone 

9 

BN  9 

As  BN  4 

11 

Desired  value  to  match  RDX(B),  Holston  manufacture 

45 

Minimum  acceptable  | 

40 
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rerted  to  RJX/TNT  and  Pressur6  Cast 


Gap  Test, 

0.001  inch 

Notes 

Scale  V 

Scale  VI 

lone  at  ,98*5°C 

47 

6l 

Open  cast 

31 

Pressure  cast 

u 

56 

Open  cast 

30 

Pressure  cast 

55 

64 

Open  cast 

40 

Pressure  cast 

16 

61 

26 

54 

14 

26 

Cetavlon  in  Boiler 

22 

60 

RDX/tNT  unpourable 

29 

54 

22 

44 

RDJ^TNT  unpourable 

22 

54 

23 

61 

30 

66 

30 

67 

21 

59 

24 

61 

18 

61 

28 

71 

29 

73 

28 

71 

20 

66 

Peed  led  under  surface 

23 

59 

14 

28 

16 

38 

16 

35 

Air  dried 

22 

55 

Vacuum  dried 

18 

55 

X  plus  Y  mixed 

9 

22 

11 

36 

cture 

45 

40 

95 

/table  3 
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TABLE  4 

Main  Series  of  Experiments  Using  RM  Contai 


Bxpt.  No.  M 

i 

Starting  Materials 

Deviation  from  Standard 
Preparation 

RemarkE 

- 

RDX(B)  Crude 

Made  by  S.C.E. 

Air  dried 

55 

RDX(B)  Crude 

t|  fl 

Water  boiled  2  h.  Ai 

56 

R])X(B)  1500  g. 

Complete  solution  at  60^C 

Impact  sensitivity  of 

Acetone  9OOO  ml. 

Evaporated  by  sparging  to 

Vfeter  1 300  ml . 

98°C 

57 

RDX(B) 

Acetone  4500  ml. 
Water  65O  ml. 

Refluxed  ^  h.  at  60°C. 
Sparged  up  to  98°C 

Solution  partial 

58 

RDX(B)  1500  g. 

Distilled  with  indirect 

Acetone  I6OOO  ml. 

steam  at  68^C 

59 

RBX(B) 

Seeded  with  RDX(B) 

60 

RDX(B) 

* 

Every  effort  made  to  e 

61 

RDX(B) 

Recrystallized  before 

62 

rdx/hmx  95/5 

Repeat  of  M  51 

63 

RDX  +  0.1^ 
cellulose  acetate  - 
nitrate 

64 

M  43 

Further  drying 

700  h.  vacuum  dried  at 

65 

rdx/hmx  99/1 

66 

"  98/2 

67 

"  97/3 

68 

"  96/4 

69 

"  92/8 

70 

RDX(B) 

71 

RDX(B) 

Part  of  HMX  removed  by 
0.2^  Teepol 

72 

rdx/hmx  99.5/0.5 

73 

rdx/hmx  99.75/0.25 

74 

RDX(B) 

No  distillation  treatment 

Vifashed  with  saturated  1 

75 

rdx/hmx  95/5 

ditto 

Washed  with  saturated  I 

76 

RDX  Grade  I 

ditto 

Washed  with  saturated  I 
Filtered.  Dried. 

77 

78 

RDX  Grade  I 

ditto 

Washed  with  saturated  I 
Acetone.  Filtered. 

RDX  95 

RDX  and  HMX  solutions  fed 

HMX  5 

separately  and 
simultaneously 

79 

RDX  95 

HMX  solution  added  in 

HliX  5 

parallel  with  first  20^ 
of  RDX 
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TABLE  4 

t  »  -  ml 

9riments  Using  RDX  Containing  HMX 


Remarks 

Gap  Test  (Scale  VI 
except  where  stated); ' 
0.001  inch 

Amovint  and 
State-  of  .HMX 
(X-ray 
results) 

Air  dried 

120  (V) 

Alpha 

Water  boiled  2  h.  Air  dried 

53  (V) 

Alpha 

Impact  sensitivity  of  product  =  l8 

34  (V) 

Beta 

+3  -  4% 
unknown 

Solution  partial 

40  (V) 

Alpha 

54  (V) 

Alpha 

Seeded  with  RDX(B) 

154 

Alpha 

Every  effort,  made  to  exclude  seeding 

160 

Alpha 

Recrystallized  before  processing 

144 

159 

136 

700  h.  vacuum  dried  at  100°C 

140 

129 

Trace  beta 

137 

Beta 

112 

Beta 

141 

Beta 

147 

Beta 

176 

Alpha 

Part  of  HMX  removed  by  flotation  with 
0.2^  Teepol 

156 

Trace  alpha 

146 

Trace  beta 

109 

No  pattern 

Washed  with  saturated  RDX/Acetone 

247 

Trace  beta 

Washed  with  saturated  RDX/Acetone 

121 

ft  ff 

Washed  with  saturated  RDX/Acetone 
Filtered.  Dried. 

36 

Washed  with  saturated  RDX/hMX/ 

Acetone.  Filtered.  Dried 

37 

153 

Some  beta 

. .  . 

149 . 

Some  beta 

/table.  4  contd. 
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TABLE  4  oontd. 


Expt.  No.  M 

Starting  Materials 

Deviation  from  Standard 
Preparation 

Remar 

80 

RBX  95 

HMX  solution  added  in 

HMX  5 

parallel  with  last  20^^ 
of  RDX 

81 

RBX  Grade  I 

Result  believed  genu; 

82 

.  RDX/HMX  95/5 

83 

Blend 

3  parts  M  81 ,  1  part 

84 

Blend 

1  part  M  81 ,  3  parts 

86 

RDX/HMX  97/3 

Distillation  range  66.2° 

5^  reduction  in  acet( 

to  75  0 

concentration 

87 

rbx/hmx  97/3 

Distillation  range  68.8° 

5^  increase  in.  acetoi 

to  75°C 

concentraticn 

88A 

HHX  (1400  g.) 

89A 

hmx/rbx  95/5 
(1400  g.) 

90 

RDX/R  salt  95/5 

91 

(a)  RDX  (190  g.)  + 
HMX  (10  g.) 

Attempt  at  seeding  tc 
give  beta  HMX 

(b)  RI)X(B)  1400  g. 

92 

RDx/mDC  95/5  ) 

)  Identical  prepaxat: 

93 

rdx/hmx  95/5  j 

)  check  reproducibil; 

94 

rdx/hmx  95/5 

Finished  distillation  at 

98.5  c 

95 

rdx/hmx  95/5  ) 

\ 

)  Split  into  two  porl 

96 

Double  size  batch( 

)  for  casting  and  tes 

Sample^ retrieved  at  ( 

97 

rdx/hmx  95/5 

98 

rdx/hmx  99.75/0.25 

All  HMX  added  with  first 

65^6  of  RDX. 

' 

99 

rdx/hmx  95/5 

Completely  dissolved  in 

85^  acetone.  Sparged  to 

98.5  c 

100 

rdx/hmx  95/5 

Cyclohexanone  solution 
Sparged  to  98.5°C 

101 

RDX(B) 

As  100 

102 

RDX  Grade  I 

Apparatus  thoroughly 
before  this  preparati 

103 

RDX  Grade  I 

104 

RDX  Grade  I 

i 

i 

105 

rdx/hmx  99.9/0.1 

1 

All  HMX  in  heel  at  start  j 
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TABLE  4  contd. 


Remarks 

Gap  Test  (Scale  VI 
except  where  stated), 
0.001  inch 

Amount  and 
State  of  HMX 
(X-ray 
results) 

115 

Some  beta 

Result  believed  genuine 

113 

153 

Some  beta 

3  parts  M  81 ,  1  part  M  82 

104 

1  part  M  8l ,  3  parts  M  82 

146 

5^  reduction  in  acetone 

159 

Some  beta 

concentration 

5^  increase  in.  acetone 

158 

Some  beta 

concentration 

154 

Beta 

158 

Beta  with  2^ 

Attempt  at  seeding  to 

114 

186 

alpha 

Beta  with 

give  beta  HMX 

some  alpha 

)  Identical  preparations,  to 

150 

Some  beta 

)  check  reproducibility 

) 

148 

tt  If 

161 

It  If 

)  Split  into  two  portions 

157 

II  II 

)  for  casting  and  testing 

162 

11  II 

Sample  retrieved  at  67.5°C 

151 

II  II 

148 

II  II 

96 

It  II 

148 

II  II 

146 

(alpha  +) 

Apparatus  thoroughly  cleaned 

78 

(beta  +  ) 
(gamma  ) 

before  this  preparation 

! 

! 

! 

66 

64 

99 

I 

_ 1 

/table  4  contd. 
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TABLE  4  oontd. 


Expt.  Ro.  M 

Starting  Materials 

Deviation  from  Standard 
Preparation 

Ren 

106. 

rdx/hmx  99.8/0.2 

0.1^  of  HMX  in  heel.  Rest 
with  RDX 

107 

99.7/0.3 

ditto 

108 

99.6/0.4 

ditto 

109 

RBX  Grade  I 

Ro  treatment 

Air  dried 

110 

rdx/hmx  95/5 

111 

Blend 

M  109/M  110  2 

112 

Blend 

M  109/k  110  1 

113 

RDX/(B)  ) 

rdx/hmx  95/5  j 

Percolation  acetone  1557  nil> 

)  Acetone  abou 

114 

water  1993  ml 

)  than  usual , 

)  hold-up 

115 

Crude  RDX 

Standard  preparation 

116 

Crude  RDX  +  O.I5S 

Beta  HMX  in  heel  before 

beta  HMX 

distillation 

117 

RDX  Grade  I 

Heel  satiirated  with  K2S04 

118 

RDX  Grade  I  +  0.},% 
anthraquinone 

0.1^  anthraquinone  in  heel 

119 

rdx/hmx  95/5 

Sparged  at  67.5°C 

120 

RDX(B) 

ditto 

121 

rdx/hmx  99.75/0.25 

All  HMX  in  heel.  Stirring 

200  rev/min 

122 

rdx/hmx  95/5 

All  HMX  in  heel .  Stirring 

200  rev/min 

123 

ditto 

All  HMX  in  heel.  Stirring 

400  rev/min 

124 

ditto 

All  HMX  in  heel.  Stirring 

600  rev/min 

125 

ditto 

All  HMX  in  heel.  Stirring 

800  rev/min 

126 

ditto 

All  HMX  in  heel.  Stirring 

1000  rev/min 

127 

RDX/Anthraquinone  99/l 

Stirred  at  125O  rev/min 

128 

RDX/Dextrin 

Stirred  at  1200  -  15OO  rev/min 

129 

rdx/hmx  99.75/0.25 

All  HMX  in  4  1.  heel 

130 

ditto 

ditto 

Double  batch 

131 

ditto 

Half  of  M  1 30 

Vacuum  dried  K 

132- 

rdx/hmx  99.85/0.15 

All  HMX  in  4  1.  heel 

133 

. 

"  99.8/0.2 

ditto 

/ 
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TABLE  4  contd. 


Remarks 

Bulk  Density, 
g/ml 

Gap  Test  (Scale  Vl), 
0.001  inch 

Amount  and 

State  of  HMX 
(X-ray  results) 

105 

112 

131 

Air  dried 

32 

139 

Some  beta 

M  109/M  110  3/1 

69 

M  109/M  110  1/3 

131 

)  Acetone  about  6^  stronger 

85 

)  than  usual,  to  counteract 

)  hold-up 

93 

Some  beta 

77 

91 

Some  beta 

63 

77 

94 

101 

Some  beta 

0.93 

58 

fl  If 

0.90 

63 

It  ft 

0.85 

138 

II  M 

0.87 

134 

II  II 

0.91 

136 

0.91 

137 

0.93 

63 

1 .00 

61 

1 .00 

120 

Double  batch 

1.02 

112 

Vacuum  dried  100°C  264  h. 

130 

0.97 

80 

0.99 

118 

! 

/table  4 

contd. 
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TABLE  4  contd. 


Expt.  No.  M 

Starting  Materials 

Deviation  from  Stcindard 
Preparation 

134 

rdx/hmx  99.7/0.3 

All  HMX  in  4~litre  heel 

135 

99.6/0.4 

ditto 

136 

"  99.5/0.5 

ditto 

13TA 

"  95/5 

Double  scale 

137B 

"  95/5 

ditto 

137 

"  95/5 

Blend  of  1  3 

138 

rdx/hmx  95/5 

Sparged  to  67.5°C.  Steam 
at  20  cm.  watergauge 

Distillatio 

139 

ditto 

ditto  15  cm. 

ditto 

140 

ditto 

ditto  10  cm. 

ditto 

141 

ditto 

ditto  7.5  cm. 

ditto 

142 

ditto 

(Jacket  water  at  92  -  94°C 
^Final  temp.  67.5°C 

ditto 

143 

ditto 

ditto 

144 

ditto 

Glycerol  bath  at  1  38°  -  1 40°C 
at  base 

Walls  code 
time 

145 

ditto 

ditto  1 35°C 

ditto 

146 

ditto 

ditto  1 30°C 

ditto 

147 

ditto 

ditto  125°C 

ditto 

148 

ditto 

ditto  120°C 

ditto 

149 

ditto 

ditto  140°C 

ditto 

+  1  h.  tota 

150 

ditto 

Two  double  batches  blended 

151 

M  150 

Refluxed  3  h.  at  67.5°C 

Slowly  cool 

152 

M  150 

Refluxed  6  h.  at  67.5°C 

Slowly  cool 

153 

M  150 

Refluxed  15  min.  cooled 
slowly 

Repeated  th 

154 

RBX/Rosin  99/l 

155 

RDX/Celatin  99/l 

Gelatin  in  heel 

156 

RBX/HMX/Gelatin  94/5/1 

- 1 

ditto 
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TABLE  4  oontd. 


Standard 

in 

Remarks 

Bulk  Density, 
g/ml 

Gap  Test  (Scale  VI ), 
0.001  inch 

heel 

1.02 

133 

1.04 

118 

130 

1.06 

0.99 

Blend  of  1  37A 

and  B 

145 

Steam 

Distillation 

time  35  min. 

110 

je 

15  cm. 

ditto 

47  min. 

106 

10  cm. 

ditto 

76  min. 

134 

f.5  cm. 

ditto 

98  min. 

122 

i  -  94°C 

ditto 

75  min. 

132 

1 

/ 

ditto 

97  min. 

144 

18°  -  140°C 

Walls  cooled. 

Distillation 

137 

time 

60  min. 

15°C 

ditto 

70  min. 

128 

J0°C 

ditto 

87  min. 

133 

>5°c 

ditto 

121  min. 

130 

>o°c 

ditto 

110  min. 

149 

O 

o 

ditto 

67  min. 

125 

+  1  h.  total  reflux 

blended 

1.05 

131 

o 

o 

• 

Slowly  cooled 

1.11 

128 

f.5°c 

Slowly  cooled 

1.15 

143 

)oled 

Repeated  this  cycle  six  times 

1.15 

146 

0.90 

52 

1 .01 

77 

0.95 

140 

/table  4  concluded 
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6.  DISCUSSION;  THE  INFLUENCE  OF  VARIOUS  FACTORS  UPON  GAP  TEST  SENSITIVENESS 

^  QP  kk-sc;ile  prep/vrations  of  KDX 

6.1  Reproducibility  when  Using  93/3  RDX/HMX 

Eighteen  preparations  of  95/5  RDX/HMX,  in  some  cases  double-size  batches, 
were  made  imder  the  standard  conditions  described  in  Section  4,5;  all  had  gap 
test  sensitiveness  on  Scale  VI  within  the  range  139  -  162. 

The  substitution  of  direct  (sparging)  steaim  in  one  preparation  gave  a 
product  of  gap  test  94,  whilst  a  similar  prepeiration  with  RDX(B)  had  a  "gap 
test  of  101. 

6.2  Influence  of  Variations  in  the  Boiling  Point  of  the  Heel 

Initial  trials,  using  ±  5  per  cent  variation  in  acetone  concentration  in 
the  heel  and  boiling  points  of  66,2°  and  68,8°C  respectively,  gave  gap  test 
figures  of  159  and  158.  Subsequent  trials  over  a  wider  range  of  boiling 
points  indicated  that  the  extremes  of  variation  employed  gave  inferior  but 
acceptable  products. 


TABLE  5 


Boiling  Point  of  Heel,  C 

Gap  Test 

N 

^  \  55*0/^  acetone 

63°  ^ 

124 

109 

65°  42^  " 

171 

67.5°  32.45^  " 

131 

73°  20.05^  ” 

l4l 

00 

0 

0 

ro 

• 

00 

120 

A  series  of  preparations  were  made  also  by  percolation,  using  standaird 
conditions  apart  from  the  feed  arrangement  v/hich  made  use  of  the  distillate 
from  acetone/water  heels  of  varying  boiling  points  (Table  6,  p.l6).  The  feed 
solution  from  the  percolator,  containing  initicilly  RDX  with  5  per  cent  of  HMX, 
was  nearly  saturated  and  comparable  with  the  standard  method.  It  was  found, 
however,  that  these  preparations  were  slower,  the  limiting  factor  on  rate  being 
serious  flooding  of  the  condensing  system  and  percolator. 
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TABLE  6 


Boiling  Point  of  Heel,  C 

Gap  Test 

Time  of  Preparation,  h. 

63°  (rose  to  64°) 

131 

2 

65° 

117 

3 

67.5° 

118 

3.5 

73°  (73  -  74°) 

134 

3.5 

Standard  4?  -  50  min. 


6.3  Variation  in  Stirring  Rate 

The  possible  effects  of  variations  in  agitation  were  first  noted  in 
attempts  to  control  grist  by  means  of  percolation  preparations,  which  were 
cairried  out  on  both  95/5  RDX/HMX  and  on  RDX(B) .  These  resulted  in  products 
consisting  of  large  simple  crystals  of  1  -  2  mm.  diameter  and  many  crystal 
aggregates  of  up  to  6  mm,  diameter,  with  almost  complete  absence  of  small 
crystals  and  fines.  The  gap  test  values  of  the  two  products  were  98  and  85 
respectively.  A  series  of  preparations  were  then  carried  out  using  conditional- 
standard  with  the  exception  of  stirring  rate;  the  following  table  gives  the 
results  of  gap  tests  on  the  products. 


TABLE  7 


Rate  of  Stirring, 
rev/min. 

Time  of  Preparation, 
min. 

Gap  Test 

200 

Ill 

63 

400 

94 

138 

600 

84 

134 

800 

71 

136 

1000 

66 

137 

To  define  more  accurately  the  minimiim  stirring  rate  required  to  give 
acceptable  sensitiveness,  a  further  series  was  carried  out  at  a  much  later 
date  and  gave  the  following  results. 
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TABLE  8 


Rate  of  Stirring, 
rev/min. 

Time  of  Preparation, 
min. 

Gap  Test 

300 

90 

75 

350 

88 

63 

400 

78 

71 

500 

71 

85 

600 

52 

78 

6.4  Influence  of  Speed  of  Distillation 

A  series  of  directly  heated  (sparged)  preparations  in  which  distillation 
rate  was  regulated  by  pressure  control  of  the  steam  supply,  all  other  conditions 
remaining  standaird,  gave  the  following  results. 


TABLE  9 


Stesun  Pressure 

Distillation  Time, 
min. 

Gap  Test 

20  cm.  water  gauge 

35 

110 

if  ff  ti 

47 

106 

f!  !l  II 

76 

134 

7.5  ” 

98 

122 

The  evidence  indicated  that  directly  heated  (sparged)  preparations  result 
in  a  lower  gap  test  sensitiveness  than  with  jacket  steam.  However,  there  was 
considerable  difficulty  in  controlling  distillation  rate  using  jacket  steam, 
because  of  the  high  heat  input  and  large  heat  exchange  area.  Two  preparations 
were  therefore  carried  out  in  which  the  heating  medium  was  hot  water,  the 
lower  portion  of  the  crystallization  vessel  being  immersed,  and  hot  water  also 
being  circulated  over  the  wall  of  the  flask.  Result: 

Temperatiure  of  Water,  C  Distillation  Time  Gap  Test 

92°  -  94° 

90°  1  0.2° 


/A 


75  minutes  132 

97  "  144 
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A  further  series  was  ceirried  out  in  which  the  heat  input  came  solely  from 
hot  glycerine,  applied  below  the  normal  working  level  so  that  the^walls  of  the 
flask  were  not  superheated.  The  distillation  times  at  120  ,  125  0,  appear 
anomalous  but  this  was  not  pursued,  the  results  showing  no  pronounced  effect  of 
temperature  variations. 


TABLE  10 


Ho. 

Temperature  of  Glycerine,  C 

Distillation  Time, 
min. 

Gap  Test 

(1) 

138  -  140° 

60 

137 

(2) 

135° 

70 

128 

(3) 

130° 

87 

133 

(4) 

125° 

121 

150 

(5) 

120° 

110 

i49 

(6) 

140° 

67  (+  1  hovir  reflux) 

125 

6.5  Influence  of  HMX/RDX  Ratio 

Standard  treatment  of  grade  1  RDX  eilone,  v/ithout  any  added  HMX,  has  given  ' 
products  v/ith  gap  test  values  of  113?  78,  66  and  64. 

The  standard  treatment  applied  to  washed  crude  RDX  gave  a  product  having 
a  gap  test  value  of  77 >  whilst  untreated  grade  1  RDX  had  a  gap  test  value  of 
32.  Numerous  preparations  have  been  carried  out  with  various  ratios  of  HMX 
to  RDX  in  most  of  which  the  products  have  gap  test  sensitiveness  above  the 
minim\un  requirement;  a  brief  summary  of  these  experiments  is  presented  in 
Table  11.  It  is  concluded  that  high  values  of  gap  test  sensitiveness  may  be 
obtained  if  the  heel  is  slightly  supersat\irated  with  HMX,  preferably  during 
the  whole  period  of  preparation.  Under  standard  conditions,  with  a  heel  of 
4  litres  of  acetone/water  of  boiling  point  67.5  C,  4  grams  of  H^DC  in  the  heel 
will  thus  give  adequate  sensitiveness  to  any  quantity  of  RDX  up  to  the  maximum 
workable  amount  of  over  3  kilograms. 

6.6  After-Treatment 

The  mode  of  action  of  the  H^D^  used  in  this  process  still  remains  obscure, 
and  there  was  at  least  a  possibility  of  subsequent  changes  occtirring  (through 
recrystallization,  preferential  solution,  etc.)  if  the  period  of  contact  of 
the  product  v/ith  the  mother  ]lquor  were  prolonged,  as  might  happen  under 
factory  conditions. 

An  experiment  on  the  removal  of  HMX  from  a  pick-up  sensitive  product  v/as 
carried  out  by  treating  the  materiel  with  a  sufficient  volume  of  a  saturated 
solution  of  RDX  in  acetone  to  ensure  complete  solution  of  all  the  HMX  present. 
The  original  material  had  a  gap  test  value  of  135  which  fell  to  121  after  this 
treatment . 
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TABLE  11 


Weight,  g. 

H^■IX  as 
a  5^  of 
RDX 

Conditions 

Gap 

Test 

RDX 

HMX 

1584 

16 

1 

Simultaneous  feed  as  one  solution 

129 

1568 

32 

2 

if 

it  It  It  it 

137 

1552 

48 

3 

it 

it  tt  It  it 

112 

1536 

64 

4 

It 

It  it  It  tt 

l4l 

1372 

128 

8 

it 

it  it  tt  it 

147 

1592 

8 

0.5 

it 

It  It  ti  it 

146 

1596 

4 

0.25 

it 

tt  it  It  It 

109 

1596 

4 

0.25 

All 

HMX  in 

first  6^^  of  feed 

148 

1598.4 

1.6 

0.1 

All 

HMX  in 

heel 

99 

1596.8 

3.2 

0.2 

1.6 

g.  HMX 

in  heel,  remainder 

with 

RDX 

105 

1595.2 

4.8 

0.3 

tt 

it 

ii  it  tt 

tt 

tt 

112 

1593.6 

6.4 

0.4 

n 

It 

tt  it  tt 

it 

tt 

131 

1596 

4 

0.25 

All 

HMX  in 

heel 

120 

3196 

4 

0.125 

ti 

It  tt 

it 

112 

1597.6 

2.4 

0.15 

(t 

it  it 

it 

80 

1596.8 

3.2 

0.2 

u 

ii  it 

ii 

118 

1595.2 

4.8 

0.3 

it 

it  it 

it 

133 

1593.6 

6.4 

0.4 

it 

!t  it 

it 

118 

1592 

8 

0.5 

_ ! 

it 

It  It 

tt 

130 

In  order  to  assess  the  effect  of  prolonged  treatment,  two  double-scale 
95/5  RDX/HMX  preparations  were  carried  out  and  the  products  blended,  divided 
into  four  portions  and  treated  as  tabulated,  with  the  following  results. 


TABLE  12 


Treatment 

Gap  Test 

No  treatment 

131 

Refluxed  for  3  hours  in  acetone/water  b.p.  67.5°C 

128 

it  it  g  it  it  it  tt  it  It 

143 

"  ”  15  minutes  in  acetone/water  b.p.  67.5^C 

146 

cooled  slowly.  Cycle  repeated  6  times  (7  hours  total 

treatment ) 

/6.7 
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6.7  Grist  Control 


No  specific  trials  have  been  carried  out,  but  it  has  been  observed  that 

there  is  a  very  marked  similarity  in  the  grist  spectrum  of  all  products  of 

high  sensitiveness.  V/here  slower  stirring  has  caused  a  general  increase  in 
crystal  size,  the  product  has, been  relatively  insensitive.  Standcird 
preparations  are  invariably  finer  than  60  mesh,  v/ith  a  large  proportion  of  the 

whole  within  the  100  -  250  micron  range,  as  compared  with  the  124  -  300 

micron  range  for  the  bulk  of  a  sample  of  grade  1  RDX.  The  proportion  of 
fines  through  300  mesh,  i.e.  less  than  53  microns,  is  considerably  higher  than 
for  grade  1  RDX  and  in  genereil  very  variable.  Identical  standard  preparations 
have  given  products  with  from  2  to  l4  per  cent  of  fines.  All  the  preparations 
carried  out  at  slower  stirring  speeds  which  also  gave  low  figures  for  gap  test, 
had  less  than  0.5  per  cent  through  300  mesh.  The  trials  where  material  was 
'refluxed  or  temperature  cycled  with  acetone/water  mixture  of  boiling  point 
67.5  C  resulted  in  no  significant  change  in  grist  spectrum  or  in  the  proportion 
of  fines. 

It  appears  that  control  of  grist  spectrum  is  not  easy  within  the  permissible' 
variations  in  physical  conditions,  and  modification  by  sieving  appears  to  offer 
the  easiest  control. 

The  use  of  cyclohexanone  as  solvent  results  in  some  shift  towards  larger 
crystals,  the  spectrum  closely  resembling  that  of  the  grade  1  RDX  examined, 
except  that  there  is  appreciably  more  through  3OO  mesh.  Two  preparations 
using  cyclohexanone  as  solvent,  direct  heating  with  steam  and  a  boiling  point 
in  the  heel  of  2  C  below  the  prevailing  boiling  point  of  water,  were  carried 
out  with  95/5  RDX/HI'DC  and  RDX(B) .  No  Cetavlon  or  other  surface  active  material 
was  used.  The  product  had  gap  test  values  of  l48  and  l46  respectively,  and 
consisted  of  considerably  larger  crystals  than  standard  preparations  using 
acetone  as  solvent. 


7.  CONCLUSIONS 

The  requirement  for  the  production  of  RDX/TNT  having  greater  pick-up 
sensitiveness  than  that  of  RDX/TNT  made  from  normal  grade  1  RDX  has  been 
satisfied  by  carefully  controlled  recrystallization  of  RDX  from  acetone  solution 
with  addition  of  a  small  proportion  of  HMX.  The  process  has  been  carried 
forward  satisfactorily  to  the  factory  scale  and  gives  the  required  production 
(cf.  A.W.R.E.  Explosiveis  Research  Note  No.  11/62). 

The  manner  in  which  the  presence  of  Hl'lX  modifies  the  nature  of  the  crystal 
growth  of  RDX  in  this  process  remains  obscure,  however;  and  if  the  influence 
thereby  exerted  at  the  inception  of  detonation  is  to  be  described  at  all 
precisely,  further  refinement  in  the  current  theory  of  initiation  by  shock 
seems  to  be  needed. 
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